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© Drive mechanism for a printer. 



© A serial printer comprises a platen (21), a car- 
riage (12), a print head (11) mounted on the carriage 
(12), a reversible motor and a carriage drive mecha- 
nism (22, 24, 25) linked to said motor for reciprocat- 
ing the carriage along the platen (21) in response to 
a reciprocating action of said motor. The same mo- 
tor is used for driving a paper feed mechanism for 
feeding recording paper. The paper feed mechanism 
comprises a rotary member adapted to be rotated 
back and forth with a reciprocating action of said 
motor, transmission means for transmitting a rotation 
of said rotary member to a paper feed roller means 
(29 t 90), a cam mechanism (40, 51, 70) also linked 
to said motor to be reciprocated in response to a 
CS| reciprocating action of said motor and transmission 
^ control means (53) enabling or disabling said trans- 
^ mission means in response to said second cam 
f^, mechanism. 
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The present invention relates to serial printers 
that print characters and graphics while moving a 
print head in a line direction across a recording 
paper. More particularly, the invention relates to a 
paper feed mechanism for feeding recording paper 
in such printers and to the control of the paper 
feed mechanism. 

A prior art serial printer known as two-motor 
printer employs a first motor as the drive source for 
reciprocating a carriage on which the print head is 
mounted, and an independent second motor as the 
drive source for feeding the recording paper. Since 
with such two-motor printer the two motors are 
controlled separately, the stroke of the carriage can 
be freely selected depending on the length of the 
lines to be printed, and the paper feed can be 
performed without being affected by the operation 
of the carriage. On the other hand, controlling of 
the two motors must be made in a synchronized 
manner. This requires complicated control means 
resulting in increased manufacturing costs and a 
difficulty to make the printer compact and ligh- 
tweight. 

The document JP-A-50715/1991 discloses a 
prior art serial printer that uses a single motor for 
both, as drive source for the print head and drive 
source for feeding the recording paper. This known 
printer will be explained in more detail with refer- 
ence to Figs. 14 and 15. 

The printer 1 has a thermal type print head 4 
slidably supported on a main guide shaft 7 and 
driven by means of a cam shaft 3 having a helical 
cam profile 2 formed thereon. When the cam shaft 
is rotated the print head is shifted along main guide 
shaft 7 due to its engagement with cam profile 2. 
Groove-shaped cam profiles 5 and 6 (referred to as 
cam grooves in the following) that form part of a 
paper feed mechanism are provided in the main 
guide shaft 7. When the print head 4 is moved to 
the left end of the main guide shaft 7 by the cam 
shaft 3, a pin mounted on the print head 4 and 
serving as a cam follower engages the cam groove 
5 or 6, thus causing the main guide shaft 7 to 
rotate. This rotation is transmitted to a paper feed 
shaft (not shown) by means of a gear 7a fixed to 
guide shaft 7, a sector gear 8a freely rotatable on 
the paper feed shaft, and a one-way clutch con- 
necting the sector gear 8a and the paper feed 
shaft. In that way a paper feeding is accomplished. 
The one way clutch comprises a ratchet portion on 
the outward facing end face of sector gear 8a as 
the drive part and a clutch wheel 8 as the driven 
part. The clutch wheel 8 is fixed to the paper feed 
shaft and has a ratchet portion to engage that of 
the sector gear 8a. Sector gear 8a is movable 
along the paper feed shaft and urged by spring 
means (not shown) into engagement with clutch 
wheel 8. The ratchet portions of sector gear 8a and 



clutch wheel 8 are such as to transfer a rotation of 
the sector gear 8a in one direction to the clutch 
wheel and thus the paper feed shaft but to slide 
upon each other with no transfer of rotation when 
5 the sector gear 8a rotates in a direction opposite to 
said one direction. 

Fig. 15 is a diagram showing cam grooves 5 
and 6 in developed form as lines 5 and 6. In Fig. 
15 the abscissa corresponds to the axial direction 

10 of main guide shaft 7 and the ordinate to the 
circumferential direction. As shown in the Figure, 
the two cam grooves 5 and 6 have different angles 
of rotation <t>i and *2, respectively. They are con- 
nected by a connection groove 9 between Qi and 

75 Cb and merge to a common groove portion at a 
junction between Ch and Q 4 . In the character mode 
in which characters are printed, the print head 
reciprocates in the range from the left end Qi to 
the position Q3 on the right side. In the graphics 

20 mode which requires a smaller amount of paper 
feed between two successive lines, the print head 
4 reciprocates in the range from the left end Qi to 
the right end Q4. The one-way clutch ensures that 
a rotation of the main guide shaft 7 in only one of 

25 the two opposite directions results in paper being 
actually fed. A rotation of the main guide shaft 
caused by the print head moving from the left side 
in Fig. 15 to the right side will not be transmitted 
by the one-way clutch while a rotation in the op- 

30 posite direction will be transmitted. When the print 
head starts at its home position Qi the cam fol- 
lower engages either cam groove 5 or 6 depending 
on the printing mode that was selected when the 
print head returned to its home position. If it is cam 

35 groove 5, the main guide shaft will be turned as the 
print head moves to Q2 but this rotation will not be 
transmitted by the one-way clutch. If the print head 
starts at Qi with its cam follower engaging cam 
groove 6, as the print head moves to Q2 the cam 

40 follower will change to cam groove 5 via the shal- 
low connection groove 9. In the character mode the 
print head moves up to position Q 3 and then re- 
turns so that the cam follower will stay in cam 
groove 5. Then, as the print head moves from Q 2 

45 to Qi on its way back the main guide shaft 7 is 
rotated by the angle *i and the paper is fed by a 
corresponding amount. In the graphics mode, as 
mentioned before, the print head moves up to 
position Q4 before it returns. On its way back the 

50 cam follower enters cam groove 6 between posi- 
tions Q4 and O3. and when the print head 4 then 
returns to the left end Qi the main guide shaft 7 
will be rotated by the angle 4> 2 with the cam 
follower pin tracing cam groove 6. Since *2 is 

55 smaller than *i the amount of paper being fed is 
smaller in the graphics mode than in the character 
mode. 
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Since this prior art printer uses the same single 
motor as the power source for both, moving the 
print head 4 and feeding paper, it can be realized 
as a compact, lightweight printer. However, in the 
printer explained with respect to Figs. 14 and 15 
the accuracy of paper feed is low. External forces 
due to fluctuations in friction between the cam 
follower pin and the cam grooves are transmitted 
directly to the print head and affect the speed of 
the print head, thus degrading print quality. The 
necessity of machining a cam groove in the long, 
cylindrical main guide shaft requires more time for 
machining parts and makes it difficult to lower 
manufacturing costs. The one-way clutch uses a 
drive ratchet member and a driven ratchet member 
continuously pressed against each other by means 
of a spring. Such clutch generates a disturbing 
noise when the drive member is rotated in a direc- 
tion in which ratchet teeth of the drive member and 
the driven member, respectively, slide upon each 
other and no torque is being transmitted. Further- 
more, in the one-way clutch the spring force urging 
the drive member against the driven member is 
very critical. If it is too weak rotation may be not or 
not sufficiently transmitted. If it is too strong, some- 
times a rotation in a direction in which the clutch 
should be disengaged may be transmitted. Thus, 
the accuracy of paper feed and by that the printing 
quality in this prior art is not very high. 

The invention is intended to solve these prob- 
lems and its purpose is to provide a lightweight, 
compact, highly reliable printer that is capable of 
performing high quality printing. 

This object is achieved with a printer as 
claimed in claim 1. 

Specific embodiments of the invention are sub- 
ject matter of dependent claims. 

By controlling the transmission of torque from 
the rotary member to the paper feed means which 
may be a paper feed shaft carrying a paper feed 
roller, by means of the first cam mechanism the 
accuracy of the paper feed can be substantially 
improved since whether or not torque is transmitted 
does no longer depend on the friction between two 
clutch members as in the prior art. In addition to an 
increased accuracy of the paper feed the genera- 
tion of disturbing noise that unavoidably occurs in 
the prior art can be easily prevented. 

A belt drive mechanism for driving the carriage 
is useful to prevent interaction between the car- 
riage and the paper feed mechanism and. thereby 
to further improve the print quality, when the link- 
age between the rotary member and the motor is 
arranged not to include the carriage. The elasticity 
and flexibility of a belt absorbs any vibration that 
might be caused by the paper feed mechanism. 
Such vibration is, therefore, not transmitted to the 
carriage. Also, when the carriage is not used to 



drive a cam as in the prior art mentioned above, it 
can smoothly slide along its guide shaft unaffected 
by the paper feed function. 

The drive force for the rotary member can be 
s advantageously derived from a second cam 
mechanism and gear means connecting a cam 
means of said second cam mechanism directly to 
the motor. If the cam means of such second cam 
mechanism has two or more cam profile portions 
70 that can be selectively traced by a corresponding 
cam follower the paper feed amount or line spacing 
of the printer can be easily controlled. Selection 
between the cam profile portions may for instance 
be achieved by controlling the stroke of the recip- 
75 rocating movement of the cam means or the stroke 
of the reciprocating movement of the carriage if it 
is synchronous with that of the cam means. 

The prior art printer explained above has a 
structure of cam grooves that allow the amount of 
20 paper feed, i.e. the line spacing to be switched 
between two different values for the character 
mode and the graphics mode, respectively. Fur-, 
ther, this structure provides a fast paper feed func- 
tion by having the print head 4 reciprocating be- 
25 tween positions Q1 and Q2. Apart from increased 
manufacturing costs involved in machining the 
main guide shaft of this prior art printer, switching 
among various paper feed modes is possible at the 
expense of a degraded print quality only. As will be 
30 better understood from the following detailed de- 
scription of embodiments of the invention the first, 
cam mechanism according to the invention allows 
to realize such switching between several paper 
feed modes in a way that does not only require 
35 less manufacturing costs but also ensures a high 
quality of printing. 

The printer structure according to the present 
invention is especially suitable for small sized com- 
pact printers as they are commonly used as built-in 
40 units of table-top or hand-held devices and which 
have a base area of for instance 12 x 9 cm and a 
height of for instance 5 cm. 

Preferred embodiments of the invention will be 
explained in the following with reference to the 
45 drawings, in which 

FIG. 1 is a perspective view diagrammati- 
cally showing a printer according to 
an embodiment of the invention; 
FIG. 2 is a perspective view showing an 
50 enlargement of the paper feed sec- 

tion of the printer shown in FIG. 1; 
FIG. 3 is a top plan view of the printer; 
FIG. 4 is an explanatory sectional view of 
the paper feed mechanism in detail; 
55 FIG. 5 is an exploded view showing the 

parts of the paper feed mechanism 
of FIG. 4; 

FIG. 6 is an explanatory diagram showing 
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the shape of the cam groove for 
paper feed; 

FIG. 7 is an extended view showing the 
shape of the cam groove for shifting; 

FIG. 8 shows cam line diagrams of the cam 
grooves for paper feed and for shift- 
ing in relation to positions of the 
print head; 

FIG. 9 is an explanatory diagram showing 
recording paper printed on by the 
printer in FIG. 1; 

FIG. 10 is a plan view showing the configu- 
ration of a printer according to a 
second embodiment of the inven- 
tion; 

FIG. 11 is a plan view showing the configu- 
ration of a printer according to a 
third embodiment of the invention; 

FIG. 12 is a circuit block diagram of an elec- 
tronic table-top calculator equipped 
with a printer according to the inven- 
tion; 

FIG. 13 is a flowchart of the control of a 
printer according to the invention; 

FIG. 14 is a generalized perspective view of 
a printer of the prior art. and 

FIG. 15 is an explanatory diagram of the pa- 
per feed operation of the printer in 
FIG. 14. 

As shown in Figs. 1, 2 and 3, the printer 
according to a first embodiment of the present 
invention has a base 30, a print head 11 and a 
platen 21. The print head 11 is mounted on a 
carriage 12 slidably supported by a main guide 
shaft 13. The main guide shaft 13 is fixed to the 
base 30. Recording paper 20 is inserted between 
the print head 11 and the platen 21 to be printed 
by the print head 11. The print head 11 may be a 
dot matrix print head, for instance an ink jet print 
head that prints in response to signals input, via a 
printed wiring 14, and is capable of both, a char- 
acter mode for printing characters and a graphics 
mode for printing graphics. 

The printer of this embodiment utilizes a belt 
drive system for driving the carriage 12 and the 
print head 11 along the main guide shaft 13 in 
parallel to the platen 21 and the recording paper 
20, i.e. to the left and right directions of the base 
30 as indicated by an arrow in Fig. 1. The belt 
drive system comprises a timing belt 22 having 
formed gear teeth on its inner surface and being 
secured to the carriage 12. A portion of the timing 
belt 22 is guided by means of two pulleys 23a and 
23b to extend in parallel to the main guide shaft 13. 
The timing belt 22 engages a belt gear 22 which in 
turn meshes with a belt drive gear 25 provided on 
the shaft of a motor not shown. The belt gear 24 
and the belt drive gear 25 are disposed on the 



base 30 at one corner thereof opposite to the main 
guide shaft 13. The belt drive gear 25 is positioned 
adjacent to the platen 21. A connector 31 for sup- 
plying signals to the motor which serves as the 

5 drive source for the belt drive gear 25 is provided 
in the same area of the base 30. As shown in Figs. 
1 and 2, the platen 21 is part of a platen cover 28 
detachably provided on a paper guide unit 26 
which is fixed to or integral part of the base 30. 

to Figs. 2 and 3 show the printer with the platen cover 
28 removed from the paper guide unit 26 so that a 
paper feed shaft 90 and a paper feed roller 29 
supported by the paper guide unit 26 are visible. 
As best shown in Fig. 2, the paper feed shaft 90, 

75 which drives the paper feed roller 29, is supported 
in shaft holes 27a and 27b formed in side walls 26a 
and 26b of paper guide unit 26. When the platen 
cover 28 is mounted on the paper guide unit 26, 
the paper feed roller 29 is disposed inside a space 

20 defined by the paper guide unit 26 and the platen 
cover 28. 

The paper feed shaft 90 is driven via a clutch 
50, a paper feed lever 60, a paper feed control 
member 40 and the belt drive gear 25 by means of 

25 the same motor that is used to drive the carriage 
12 as will be described in more detail later. 

As shown in Figs. 1, 2 and 3, a home position 
sensor 32 is mounted on the base 30 at the right 
front corner thereof. Sensor 32 cooperates with a 

30 protrusion 12a on the carriage 12 to detect the 
home or reference position of the print head 1 1 or 
a reference position of the motor, whenever the 
protrusion 12a enters the home position sensor 32. 
The paper feed control member 40 has a cylin- 

35 drical or disc shape and is rotatably supported on a 
shaft 48 fixed on a base plate 49 as shown in Figs. 
3, 4 and 5. The base plate 49 is mounted to the 
side wall 26a of the paper guide unit 26 facing the 
belt drive gear 25. On its end face opposite to the 

40 base plate 49 the paper feed control member 40 
has formed a bevel gear 41 meshing with a bevel 
gear 25a integrally formed on the upward facing 
end face of the belt drive gear 25. That is, the 
rotational axes of the belt drive gear 25 and the 

45 paper feed control member 40 are arranged per- 
pendicular to each other. A cam groove 70 is 
formed in the cylindrical outer circumferential face 
42 of the paper feed control member 40 and a cam 
groove 80 is formed in the rear end face 43 of the 

50 paper feed control member 40 facing base plate 
49. 

As will be explained in detail below, cam 
groove 80 is part of a second cam mechanism and 
is used to impart a rotation to the paper feed shaft 
55 90 by means of the paper feed lever 60 and in 
response to a rotation of the paper feed control 
member 40. The clutch 50 is provided to make or 
break a torque transmitting connection between 
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paper feed lever 60 and paper feed shaft 90 and 
engagement and disengagement of clutch 50 are 
controlled by means of cam groove 70 via a clutch 
lever 53. Cam groove 70 is part of a first cam 
mechanism. The paper feed control member 40 
has, thus, combined in it two cam mechanisms 
which, in addition to the fact of using a single 
motor for driving the print head and feeding the 
paper, facilitates to make the printer compact. 

Fig. 4 shows the paper feed mechanism in 
detail, and Fig. 5 shows it in an exploded view 
illustrating how the individual components are as- 
sembled. 

The paper feed lever 60 used to drive the 
paper feed shaft 90 via clutch 50 comprises as an 
integral unit a disc-shaped portion 64 and a lever 
portion 63. A cam follower pin 61 for engagement 
with cam groove 80 is mounted to the end of lever 
portion 63. A leaf spring 62 is used to elastically 
urge cam follower pin 61 to the bottom surface of 
cam groove 80 so that the cam follower pin 61 can 
accurately trace the cam groove 80 which has a 
varying depth. 

Clutch 50 comprises a drive clutch member or 
ratchet wheel 56 and a driven clutch member or 
ratchet wheel 58, the latter being mounted on or 
integral with paper feed shaft 90. Portion 64 of 
paper feed lever 60 has a recess 65 for accom- 
modating ratchet wheel 56, and a shaft 66 is pro- 
vided in the center of the recess 65 to serve as a 
support shaft for the paper feed lever 60. Shaft 66 
is rotatably inserted into a corresponding bore in 
the end face of paper feed shaft 90. Ratchet wheel 
56 is rotatably and slidably supported on an end 
portion of paper feed shaft 90 extending beyond 
ratchet wheel 58 (Fig. 4). 

When the cam follower pin 61 traces the cam 
groove 80, the paper feed lever 60 is turned ar- 
ound an axis which is coaxial with the axis of paper 
feed shaft 90. The drive ratchet wheel 56 is posi- 
tively engaged with the portion 64 of paper feed 
lever 60. Therefore, the drive ratchet wheel 56 
rotates together with paper feed lever 60 in both 
directions. The clutch lever 53 controls the position 
of the drive ratchet wheel 56 on shaft 90 in its axial 
direction such as to engage ratchet wheels 56 and 
58 with each other or separate them from each 
other. 

Each of the opposing end faces of the ratchet 
wheels 56 and 58 has a ring of ratchet teeth 
formed thereon. The ratchet teeth have a saw-tooth 
like shape and those of one ratchet wheel are 
inclined in a direction opposite to those of the other 
ratchet wheel. The drive ratchet wheel 56 con- 
nected to the paper feed lever 60 and the driven 
ratchet wheel 58 connected to the paper feed shaft 
90, thus, make up a one-way clutch that transmits 
torque in only one direction. A spring 54 is dis- 



posed between the drive ratchet wheel 56 and the 
paper feed lever 60 to urge the drive ratchet wheel 
56 against the driven ratchet wheel 58. 

An arc shaped protrusion 55 extends axially 

5 from the peripheral edge of the end face of drive 
ratchet wheel 56 opposite to the ratchet teeth. The 
protrusion 55 fits into a cutout formed in the wall of 
portion 64 of paper feed lever 60 that surrounds 
the recess 65, as best shown in Fig. 5. Another 

io protrusion (not shown) extending radially from the 
periphery of the ratchet wheel 56 fits into a groove 
formed in the wall that surrounds the recess 65. 
This provides for a positive coupling between the 
paper feed lever 60 and the drive ratchet wheel 56 

75 allowing the ratchet wheel 56 to slide axially within 
the recess 65 and allowing a drive force from the 
paper feed lever 60 to be transferred to the drive 
ratchet wheel 56. A hole 57 for inserting a connec- 
tion member 53a of the clutch lever 53 is formed in 

20 this protrusion 55. 

The clutch lever 53 is rotatably supported at 
one end as indicated at 53b. The rotational axis of 
the clutch lever extends perpendicular to the axis 
of paper feed shaft 90. At the opposite end the 

25 clutch lever 53 carries a cam follower pin 51 resil- 
iency urged by a leaf spring 52 into engagement 
with cam groove 70. Thereby, clutch lever 53 is 
turned under the control of cam groove 70 as the 
paper feed control member 40 rotates. The spring 

30 force of leaf spring 52 keeps the cam follower pin 
51 in contact with the bottom of cam groove 70 
whose depth varies. Due to the engagement of the 
connection member 53a of the clutch lever 53 with 
the hole 57 in protrusion 55, the clutch 50 will be 

35 engaged and disengaged in response to a move- 
ment of the clutch lever 53 under the control of 
cam groove 70. 

When the drive ratchet wheel 56 and the driven 
ratchet wheel 58 are engaged under the control of 

40 clutch lever 53, a rotation of the paper feed lever 
60 in only one direction results in a rotation of the 
paper feed shaft 90, whereby the recording paper 
20 is fed by means of the paper roller 29. 

Use of the clutch lever 53 to engage and 

45 disengage the clutch 50 as in the present embodi- 
ment avoids generation of noise that would other- 
wise occur when the drive ratchet wheel 56 and 
driven ratchet wheel 58 where rotated with respect 
to each other in the non-torque transmitting direc- 

so tion while being pressed together. Shifting of the 
ratchet wheel 56 away from the ratchet wheel 58 
by an amount sufficient to separate the respective 
ratchet teeth from each other further contributes to 
substantially increase the accuracy of paper feed. 

55 Without such shifting, even when, the drive ratchet 
wheel rotates in a direction in which the one-way 
clutch should not transmit a torque, a torque may 
nevertheless be transmitted if the friction between 
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the ratchet teeth is too strong to allow them to slide 
upon each other. Since the friction depends on 
various factors such malfunctioning of the one-way 
clutch is hard to avoid. 

It should be noted that the clulch need not 
necessarily be a one-way clutch. Since engage- 
ment and disengagement of the clutch is controlled 
by means of the clutch lever 53 in this embodi- 
ment, the engaging faces of the driven ratchet 
wheel and the drive ratchet wheel could also be 
formed in a shape to allow torque transmission in 
both directions of rotation. Whether or not a torque 
actually is transmitted is controlled by means of 
the first cam mechanism comprising cam groove 
70 and clutch lever 53 with cam follower pin 51 . 

The structure of the cam grooves 70 and 80 
will be explained in the following with reference to 
Fig. 6, 7 and 8. It should be noted, that for recipro- 
cating the carriage 12 and thus the print head 11 
across the recording paper 20 the motor driving the 
belt drive gear 25 is repeatedly reversed, i.e. it 
rotates in one direction to move the print head from 
its home or reference position to the opposite end 
of its shift range, and it is rotated in the opposite 
direction to return the print head to its home posi- 
tion. The transmission from the belt drive gear 25 
to the carriage 12 via belt gear 24 and belt 22 in 
this embodiment is selected such that there is a 
one-to-one relationship between the rotation of the 
belt drive gear 25 and the movement of the car- 
riage 12. In other words each angular position of 
the drive belt gear 25 corresponds to a unique 
position of the print head 11 within its range of 
movement. The same is true with respect to the 
paper feed control member 40, e.g. each angular 
position of the paper feed control member 40 with- 
in an angle of no more than 360° corresponds to a 
respective unique position of the print head 1 1 . 

Fig. 6 is a plan view of the rear end surface 43 
of paper feed control member 40 having the cam 
groove 80 formed therein. Fig. 7 shows cam 
groove 70 in a developed form, and Fig. 8 shows 
the positional relationship between cam grooves 70 
and 80 and print head 11 as well as the varying 
depths of cam grooves 70 and 80. 

As shown in Figs. 6 and 8a, cam groove 80 
starts at a radially inner end 81 near to the rota- 
tional axis of paper feed control member 40 and 
has a first portion 80a substantially concentric to 
said rotational axis. Cam groove 80 then extends at 
a relatively steep slope, i.e.. nearly radially towards 
the outer circumference of the paper feed control 
member 40. At a first junction 85 the cam groove 
80 separates into two cam groove portions 83 and 
84 extending substantially concentric to the rota- 
tional axis of the paper feed control member 40, 
with cam groove portion 84 being located radially 
inside of cam groove portion 83. At a second 



junction 86 the two cam groove portions 83 and 84 
recombine to commonly extend along a path sub- 
stantially concentric to the rotational axis of paper 
feed control member 40 up to the outer end 82 of 

5 cam groove 80. As shown in Fig. 8b the common 
groove portions of cam groove 80 are relatively 
deep. The depth of cam groove portion 83 at the 
first Junction 85 is the same as the depth of the 
common groove portions, but beyond junction 85 

10 the depth of cam groove portion 83 gradually de- 
creases and then quickly returns to the initial value 
at the second junction 86. The depth of cam 
groove portion 84 varies in a way opposite to that 
of cam groove portion 83, i.e. at the first junction 

75 85 the depth of cam groove portion 84 decreases 
abruptly and then starts to gradually increase be- 
yond junction 85 to reassume the depth of the 
common groove portions before the second junc- 
tion 86. 

20 As shown in Figs. 7 and 8c. one end 71 of the 

cam groove 70 for controlling the clutch lever 53 is 
at an angular position on the peripheral surface of 
the paper feed control member 40, which cor- 
responds to the angular position of end point 81 of 
25 cam groove 80 and the home or reference position 
P1 of print head 1 1 (see Fig. 8e). Cam groove 70 
has a common groove portion 70a up to a first 
junction 75 where it divides into cam groove por- 
tions 73 and 74. Cam groove portions 73 and 74 
30 extend in parallel to each other with cam groove 
portion 74 forming an extension of the common 
groove portion 70a. At a second junction 76 the 
cam groove portions 73 and 74 recombine to a 
common groove portion 70b of cam groove 70 up 
35 to the opposite cam groove end 72. Portion 70b of 
cam groove 70 forms an extension of cam groove 
portion 73, i.e., the two common groove portions 
70a and 70b are displaced axially with respect to 
each other by the distance between cam groove 
40 portions 73 and 74. For the positional relationship 
between the junctions 75 and 76 of cam groove 70, 
the cam groove 80 and the print head positions 
reference is made to Fig. 8. The depth of the cam 
groove portions 73 and 74 varies as indicated in 
45 Fig. 8d, i.e. with respect to the depth of the com- 
mon groove portions 70a, 70b. Cam groove portion 
73 has a depth gradually decreasing beyond junc- 
tion 75 and abruptly re-increasing at junction 76, 
whereas cam groove portion 74 has a depth ab- 
50 ruptly decreasing at junction 75 and then gradually 
re-increasing to reach the initial value at junction 
76. 

With the structure of the paper feed mecha- 
nism as explained above, selection between char- 
55 acter mode and graphics mode is done by select- 
ing the stroke of the print head 1 1 . In the character 
mode the print head 1 1 is reciprocated between 
positions P1 and P4 shown in Fig. 8e. In the 
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graphics mode the print head is reciprocated be- 
tween positions PI and P5. 

As shown 'in Fig. 8 ? when the print head 11 is 
at its home position P1, the cam follower pin 61 is 
al the inner end 81 of cam groove 80 and the cam 
follower pin 51 is at the end 71 of cam groove 70, 
i.e. in an axial position to keep clutch 50 engaged. 
In the character mode, when the print head 1 1 
starts moving from its home position P1 towards its 
end position P4, the paper feed control member 40 
is rotated in a first direction with cam follower pin 
61 tracing cam groove 80 and cam follower pin 51 
tracing cam groove 70. By the time the print head 
1 1 arrives at position P2 corresponding to the right 
end of the print area on recording paper 20, the 
cam follower pin 51 has entered the deep groove 
portion 73 at junction 75, whereby the clutch lever 
53 has been turned in a clockwise direction (in Fig. 
5) to separate drive ratchet wheel 56 from driven 
ratchet wheel 58 and, thus, to disengage clutch 50. 
As mentioned before, the first portion 80a of cam 
groove 80 immediately following the end 81 is 
substantially concentric to the rotational axis of 
paper feed control member 40 and. thus, does not 
cause a significant turning movement of paper feed 
lever 60. It is only after cam follower pin 51 has 
entered cam groove portion 73 to disengage clutch 
50, that cam follower pin 61 tracing cam groove 80 
turns paper feed lever 60 in the counterclockwise 
direction in Fig. 5. Since clutch 50 is disengaged, 
no rotation is transmitted to paper feed shaft 90 at 
this time. At junction 85 cam follower pin 61 enters 
cam groove portion 83 since it is deeper than cam 
groove portion 84. 

In this condition the print head 1 1 moves from 
the position P2 at the right side of the recording 
paper 20 to the position P4 at the left side. When 
the print head 11 reaches position P4 the motor is 
reversed and print head 11 starts moving back to 
its position P2. In the present character mode, 
since the motor is reversed with print head 1 1 
being at position P4, the cam follower pin 61 does 
not reach junction 86 of cam groove 80 and, thus, 
again traces cam groove portion 83 as the print 
head 11 returns. When the print head reaches its 
position P3, the cam follower pin 51 enters cam 
groove portion 74 at junction 76, since at this point 
the depth of the cam groove portion 74 is larger 
then that of the cam groove portion 73. Thereby 
the drive ratchet wheel 56 is released from clutch 
lever 53 and is pressed against the driven ratchet 
wheel 58 by spring 54 to engage clutch 50. As the 
print head 1 1 returns further backwards to its home 
position PI, the cam follower pin 61 still engaging 
cam groove portion 83 causes paper feed lever 60 
to be turned in the clockwise direction in Fig. 5 by 
an amount designated by B\ in Fig. 8a. With clutch 
50 being engaged at this time, this rotation of the 



paper feed lever 60 is transmitted to paper feed 
shaft 90 thus resulting in the recording paper being 
fed by an amount corresponding to 61 . Then, one 
cycle of the character mode is completed. 

5 As mentioned before, in the graphics mode the 

print head 1 1 reciprocates between positions P1 
and P5. In this case, the operation during the 
forward stroke of the print head from P1 to P4 is 
the same as with the character mode and, thus, 

io need not be explained again. While the print head 
1 1 moves from position P4 to position P5, the cam 
follower pin 61 passes junction 86 of cam groove 
80. When during the backward stroke the print 
head 1 1 moves from P5 to P4, the cam follower pin 

75 61 runs into cam groove portion 84 at junction 86 
since at this point the cam groove portion 84 is 
deeper then the cam groove portion 83. As the 
print head 11 moves further back to its home 
position P1 f the cam follower pin 61 traces the cam 

20 groove portion 84 until it enters the common 
groove portion at junction 85. Immediately after 
junction 86 the cam groove portion 84 turns radially 
inward resulting in a corresponding clockwise turn 
(in Fig. 5) of paper feed lever 60. Since, however, 

25 at this time the clutch 50 is still disengaged under 
the control of cam groove 70 and cam follower pin 
51, no corresponding rotation is transmitted to the 
paper feed shaft 90. As with the character mode, 
when the print head 1 1 has reached position P2 on , 

30 its way back to its home position P1, the cam 
follower pin 51 now following cam groove portion 
74 has moved clutch lever 53 to engage drive . 
ratchet wheel 56 and driven ratchet wheel 58 with 
each other. When the paper feed lever 60 is then 

35 turned as the cam follower pin 61 follows cam 
groove 80 after having passed junction 85, the 
rotation of paper feed lever 60 is transferred to 
paper feed shaft 90 causing paper feed by an 
amount corresponding to 62 which is smaller than 

40 61 . In this way the paper feed amount is made 
smaller in the graphics mode then in the character 
mode. 

Fig. 9 shows a piece of recording paper 20 
with a sample print-out. The print head 11 has a 

45 dot pattern with twelve dots arranged in a vertical 
row. In the character mode shown in section 101 in 
Fig. 9, the line spacing between, two successive 
lines is achieved by feeding the recording paper 20 
by twenty dots (5.2 mm) at a time under the 

50 control of cam groove portion 83. In the graphics 
mode shown in section 102 of Fig. 9, the paper 
feed amount corresponds to twelve dots (3.2 mm) 
so that the distance between the lowest dot of a 
previous line and the uppermost dot of the current 

55 line is just the same as the distance between two 
adjacent dots of the print head's dot pattern. In this 
way, two successive lines in the graphics mode are 
contiguous to each other without any extra space 
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there between. 

As will be appreciated from the foregoing ex- 
planation, the printer according to the present em- 
bodiment of the invention provides a fast paper 
feed mode which is a mode in which paper is fed 
but no printing performed. The fast paper feed 
mode is accomplished by reciprocating the print 
head 11 between the home position P1 and the 
fast feed position P3. In this case, the operation of 
the individual elements as the print head 1 1 moves 
from P1 to P3 is the same as in the character 
mode so that explanation is omitted here. The fast 
feed position P3 is past the junction 76 between 
cam groove portions 73 and 74 so that on return 
from P3 to P1, the cam follower pin 51 traces cam 
groove portion 74 to keep clutch 50 engaged. 
Since the fast feed position P3 is near to the right 
side of the recording paper 20 the stroke of the 
reciprocating print head in the fast paper feed 
mode is shorter and, thus, paper feed faster then in 
the character mode and in the graphics mode. All 
that has to be done for changing operation between 
character mode, graphics mode and fast paper 
feed mode is to change the stroke of the print 
head, i.e. the distance the print head moves from 
its home position to its return position, or the angle 
by which the motor is rotated from a reference 
position until it is reversed. 

The embodiment of the present invention ex- 
plained so far combines the advantage of providing 
a character mode, a graphics mode and a fast 
paper feed mode with the advantage of requiring 
only one single motor for driving the carriage and 
the paper feed mechanism. This allows to build a 
multifunction printer with a compact and lightweight 
structure. Switching between the different modes of 
operation is done simply by changing the stroke of 
the print head which can be easily performed un- 
der software control. The direct transfer of power 
from the power source to the paper feed mecha- 
nism without the intermediate of the carriage as in 
the prior art, avoids fluctuations in the movement of 
the print head and contributes to a better printing 
quality. The cam groove of the prior art was formed 
by machining a groove in the main guide shaft, 
which was made from a metal rod material to 
ensure sufficient strength, on a lathe, ect.. The 
generally disc-shaped paper feed control member 
of the above described embodiment can be easily 
formed by injection molding, ect., and since it does 
not need to have the same strength as a main 
guide shaft, plastics or other lightweight materials 
can be used for the paper feed control member. 
Further, since the paper feed mechanism is sepa- 
rated from the printing mechanism, the paper feed 
mechanism can be easily built into the printer body 
in a way to facilitate prevention of noise and expo- 
sure to dust. Last but not least, as explained in 



detail before, use of a clutch lever controlled by the 
paper feed control member to engage and dis- 
engage the one-way clutch prevents noise un- 
avoidably generated by the clutch of the prior art 
5 printer, in addition to substantially improving the 
accuracy of paper feed or line spacing. 

The above embodiment of the invention has 
been explained as being capable of two types of 
paper feed, namely a character mode and a graph- 

io ics mode, in addition to a fast paper feed mode. It 
will be appreciated, that by increasing the number 
of cam groove portions it will be easily possible to 
realize three or more different paper feed modes 
(each mode with a different amount of paper feed 

75 or line spacing). Also, the paper feed control mem- 
ber need not be disc-shaped but rather may have 
any shape allowing the required cam grooves to be 
formed. The cam grooves, the paper feed lever 
and the clutch lever may be of any size or shape 

20 suitable to achieve the required amount of paper 
feed, to handle the forces required for the paper 
feed and to fit into the space available for the 
paper feed mechanism. Since the paper feed 
mechanism of the invention is driven directly from 

25 the drive source, paper feed control members of 
various shapes adapted to specific applications, 
size, ect. of the printer can be easily employed 
without being affected by the shape of the carriage 
on which the print head is mounted as in prior art 

30 printers. 

Fig. 10 shows a view corresponding to that of 
Fig. 3 of a second embodiment of the present 
invention. The second embodiment of the invention 
differs from the first embodiment with respect to 

35 the location of the paper feed control member 40. 
In the second embodiment the paper feed control 
member 40 is disposed on the side of the paper 
guide unit 26 opposite to the belt drive gear 91 , i.e. 
on the left side in Fig. 10. In other words, the paper 

40 feed mechanism and the belt drive gear are ar- 
ranged on opposite sides of the paper guide unit 
26 and the platen 21 (the latter not being shown in 
Fig. 10). In this second embodiment the belt 22 
directly engages belt drive gear 91 as well as a 

45 gear 92 mounted on the printer base 30 next to the 
paper feed control member 40. Gear 92 comprises 
a spur gear portion meshing with belt 22 and a 
bevel gear portion meshing with the bevel gear 41 
of the paper teed control member 40. Since the 

so paper feed control member 40 and the other ele- 
ments of the paper feed mechanism can be dis- 
posed separated from the belt drive gear*91. all of 
which require space, the surface area of the printer 
base 30 can be used more efficiently, thereby 

55 further facilitating to make the printer compact. 
Since the belt drive gear 91 and the paper feed 
control member 40 are separated in this embodi- 
ment, the paper feed control member 40 is driven 
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by means of gear 92, which in turn is driven via the 
timing belt 22. 

The other component parts of the printer of the 
second embodiment are the same as those of the 
first embodiment, and the same reference numer- 
als are used to designate same or identical parts in 
Figs. 3 and 10. Another explanation of those parts 
can thus be omitted here. Also, since the operation 
in the character mode, graphics mode and fast 
paper feed mode is the same as in the first em- 
bodiment, an explanation is omitted here. 

Fig. 1 1 is a view similar to Figs. 3 and 10 of a 
third embodiment of the present invention. In the 
printer of this third embodiment, like the second 
embodiment, the paper feed control member 40 
and the elements controlled by it are disposed 
separate from the belt drive gear 25 driven by the 
motor (not shown). Therefore, like with the second 
embodiment, there is a more efficient use of the 
surface area of the printer base 30 allowing to 
make the printer even more compact. The third 
embodiment differs from the first embodiment in 
that in the latter case the bevel gear 41 forms an 
integral part of the paper feed control member 40 
whereas in the former case the bevel gear 94 and 
the paper feed control member 40* are separated 
from each other and connected by means of a 
shaft 93 to transfer a rotation of bevel gear 94 to 
the paper feed control member 40'. As shown in 
Fig. 1 1 , the belt drive gear 25, the belt gear 24 and 
the bevel gear 94 are disposed on the printer base 
30 on one side of the paper guide unit 26 (and thus 
the platen) whereas the paper feed control member 
40 1 and the elements controlled by it are located 
on the opposite side of the paper guide unit 26 and 
connected to each other by means of shaft 93. 

The other parts of the printer of the third em- 
bodiment as well as there function are the same as 
with the first embodiment, and therefore those 
parts are identified by the same reference nu- 
merals and there explanation is omitted here. 

As illustrated by the first to third embodiments, 
the paper feed control member may be driven in a 
number of ways, i.e. directly by the belt drive gear 
which in turn is driven by the motor, via the timing 
belt or via the shaft 93. The embodiment of Fig. 1 1 
could be further modified by having timing belt 22 
directly meshing with gear 25 instead of gear 24 
and by driving gear 25 through engagement with a 
pinion provided on the motor shaft. 

In the embodiments explained above cam 
grooves, i.e. groove-shaped cam profiles and cam 
follower pins tracing the cam grooves are em- 
ployed to achieve and control paper feed. It should 
be noted that the invention is not limited to groove- 
shaped cam profiles but may employ other cam 
means, for instance protruding or ridge-shaped 
cam profiles, suitable to achieve the desired func- 



tion. 

In the embodiments of the invention described 
so far a protrusion of ratchet wheel 56 engages a 
corresponding groove of the portion 64 of paper 

5 feed lever 60 in order to rotate ratchet wheel 56 as 
paper feed lever 60 rotates. In an alternative em- 
bodiment (not shown) the paper feed lever 60 
could have a sector gear portion meshing with a 
corresponding toothed portion on part of the cir- 

w cumference of ratchet wheel 56. In this case, as in 
the above embodiments, the rotational axis of the 
ratchet wheel 56 would be the same as that of the 
paper feed shaft 90, but the rotational axis of the 
paper feed lever 60 would be parallel to but dis- 

75 placed with respect to the axis of the paper feed 
shaft. The spring 54 urging ratchet wheel 56 
against ratchet wheel 58 would rest on some part 
of the frame or on a seat fixed to the respective 
end of the paper feed shaft. Such alternative con- 

20 struction may serve to facilitate assembling work. 

Fig. 12 shows a circuit block diagram of an* 
electronic tabletop calculator equipped with a print- 
er according to the present invention and a drive- 
control device that controls the printer. 

26 A CPU 201 controls the entire calculator which 

includes a ROM 202, a RAM 203. a timer 204, a 
display device 205, a keyboard 206 and the printer 
unit 220. The CPU 201 is connected to the compo- 
nent parts of the printer 220 via an I/O port not' 

30 shown. 

The print head 211 is connected to the CPU 
201 via a head drive circuit 208, the motor 210 is 
connected via a motor drive circuit 207, and the 
home position sensor 212 corresponding to home 

35 position sensor 32 in Fig. 1 is connected via a 
detection circuit 209. A stepper motor may be used 
as the motor 210, and the arrangement is prefer- 
ably such that there is a linear relationship between 
the angle of rotation of the motor shaft and the 

40 position of the print head. Then, by starting from 
the home position of the print head as detected by 
the home position sensor 212 as a reference posi- 
tion, the position of the print head can be easily 
controlled by the number of steps of the stepper 

45 motor. By counting the number of steps the CPU 
exactly knows the current position of the print 
head. That is, the position of the print head is 
processed by the CPU 201 which uses RAM 203 to 
count the number of steps of the stepper motor 

so and compares the count with numbers of steps 
previously stored in ROM 202. 

With reference to Fig. 8 and to the flowchart 
shown in Fig. 13, the method of controlling the 
printer in each of the above described printing 

55 modes will explained below. 



9 



17 



EP 0 537 679 A2 



18 



Character mode 

After start of the control method it is judged in 
step CO which printing mode has been selected. 
Since the character mode has been selected in this 5 
example, the control proceeds to step C1 and the 
motor is rotated in a forward direction so that the 
print head 1 1 is moved from its home position P1 
toward its position P2. At this time, it has already 
been confirmed by means of the home position w 
sensor 212 that the print head 11 actually is in its 
home position, and wile moving the print head, the 
CPU 201 counts the distance by which the print 
head is moved based on the number of steps of 
the stepper motor 210. As described before, wile 15 
the print head moves from position P1 to position 
P2, the cam follower pin 51 of the clutch lever 53 
traces the shallow cam groove portion 73 to sepa- 
rate drive ratchet wheel 56 from driven ratchet 
wheel 58 so that no paper feed is performed. When 20 
the print head 1 1 has moved to the printing start 
position P2, the printing operation is started by a 
print processing in step C2. In step C3 it is judged 
whether or not all printing of the current line has 
been completed. If it has not been completed steps 25 
02 and C3 are repeated until the printing for the 
current line has been completed. 

The printing operation is performed while the 
print head 1 1 moves from the printing start position 
P2 to the farthest position P4. When it is judged in 30 
step C3 that the printing for the current line has 
been completed, judgement is performed in step 
C4 to determine whether or not the print head is at 
position P3 or has passed P3, thus to determine 
whether cam follower pin 51 has passed junction 35 
76 between cam groove portions 73 and 74. If the 
print head 11 has not yet arrived at or passed 
position P3, a short motor feed in step C5 and 
judgement in step C4 are repeated until the print 
head has moved to P3. The print head must have 40 
reached position P3 before the motor is reversed to 
ensure that cam follower pin 51 has passed junc- 
tion 76 to be able to trace cam groove portion 74 
to enable paper feed wile the print head is being 
returned. When it is judged in step C4 that the print 45 
head 11 is positioned between P3 and P4 ( the 
processing proceeds to step C6 where the motor is 
reversed to move print head 11 back to its home 
position P1 . 

The return movement of the print head 1 1 is 50 
continued until it is judged in step C7 that the print 
head has arrived at its home position Pi. Wile the 
print head moves from position P3 to position Pi 
the paper is fed by an amount corresponding to 6i 
(Fig. 8a) as explained in detail before. When the 55 
print head has arrived at position PI, judgement is 
performed in step C8 to determine whether or not a 
further line is to be printed. If printing is to be 



continued the processing returns to step CO to be 
repeated. Otherwise the motor is stopped in step 
C9 and one operation cycle is terminated. 

As described above, if the position of the print 
head 1 1 after the completion of printing for one line 
is somewhere between P3 and P4, namely to en- 
able cam follower pin 51 to trace cam groove 
portion 74 upon return of the print head, there is no 
need to further advance the print head up to the 
farthest position P4. Instead, the print head can be 
moved back to its home position P1 immediately, 
thereby eliminating unnecessary operation. 

Graphics mode 



If in step CO it is decided that graphics mode 
has been selected, the processing proceeds to 
step G1 and the motor is rotated in a forward 
direction to move the print head to the position P2. 
Then, printing is started in step G2 and continued 
until the prescribed number of dots have been 
printed (step G3) after which the motor is rotated 
forward for a prescribed amount (step G4) until the 
print head passes position P4 and arrives at posi- 
tion P5, where the processing proceeds to step C6 
to reverse the motor and return the print head. 
During the return movement of the print head the 
paper is fed by an amount corresponding to 62 - 
(Fig. 8a) as explained in detail before. 

Although not shown in the flowchart of Fig. 13, 
it will be appreciated, that for performing the fast 
paper feed mode the motor 210 is controlled to 
repeatedly move the print head from its home 
position P1 to the position P3 and from the position 
P3 back to the position P1. This cycle is repeated 
for a number of times corresponding to the desired 
amount of paper to be fed without any printing 
being performed. 

In the above embodiments, the selection be- 
tween various print modes has been explained to 
be made by controlling the stroke of the reciprocat- 
ing movement of the carriage. Actually the print 
mode depends on the stroke of the reciprocating 
movement of the paper feed control member, this 
stroke being controlled by controlling the angle of 
rotation of the motor from its reference position up 
to the position where it is reversed. This stroke of 
the paper feed control member does not necessar- 
ily have to be in a linear relationship with the stroke 
of the carriage. 

Claims 

1. A serial printer comprising 
a platen (21 ), 
a carriage (12), 

a print head (11) mounted on the carriage 

(12). 
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a reversible motor, 

a carnage drive mechanism (22. 24, 25) 
linked to said motor for reciprocating the car- 
riage along the platen (21) in response to a 
reciprocating action of said motor, and 5 
* a paper feed mechanism comprising 

paper feed means (29, 90) for feeding 
recording paper, 

a first cam mechanism (40, 51, 70) linked 
to said motor to be reciprocated in response to io 
a reciprocating action of said motor, 

a rotary member (60; 56) linked to said 
motor and adapted to be rotated back and 
forth with said reciprocating action of said mo- 
tor, 15 

transmission means (56, 58) including first 
and second clutch members (56, 58) for trans- 
mitting a rotation of said rotary member (60; 
56) to said paper feed means (29, 90), and 

transmission control means for enabling or 20 
disabling said transmission means, 

characterized in that 

said transmission control means comprises 
shift means (53, 55) operable under the control 
of said first cam mechanism (40, 51, 70) to 25 
engage said clutch members (56, 58) with 
each other or separate them from each other. 

2. The printer of claim 1 wherein the carriage 
drive mechanism is a belt drive mechanism 30 
using a timing belt (22) reciprocated along the 
platen (21) and fixed to the carriage (12). 

3. The printer of claim 1 or 2 wherein the trans- 
mission control means comprises spring 35 
means (54) for pressing said first and second 
clutch members into engagement with each 
other, and release means (53, 55) operable 
under the control of said first cam mechanism 

(40, 51, 70) to separate said clutch members 40 
from each other against the force of said 
spring means (54). 

4. The printer of claim 1 wherein said first cam 
mechanism comprises a first cam means (40, 45 
70) driven by said motor and engaged by a 

first cam follower (51). 

5. The printer of claims 3 and 4 wherein said 
release means comprises a clutch lever (53) so 
rotatably supported and carrying said first cam 
follower (51) so as to be rotated back and forth 

in response to the reciprocation of said first 
cam means (40, 70). 

55 

6. The printer of any of the preceding claims 
further comprising a second cam mechanism 
(40, 61 , 80) for driving said rotary member (60; 



56) said second cam mechanism having a 
second cam means (40, 80) engaged by a 
second cam follower (61), and gear means (25, 
41; 22, 91, 92; 25, 94) drivingly connecting 
said second cam means (40, 80) lo said motor, 
said second cam follower (61) being coupled 
to said rotary member (60; 56). 

7. The printer of claims 3 and 5 wherein said 
rotary member (60) is a paper feed lever which 
carries said second cam follower (61) and is 
drivingly connected to one of said clutch mem- 
bers (56, 58). 

8. The printer of claim 6 or 7 wherein said first 
and second cam means commonly use a sub- 
stantially disk-shaped member (40) having a 
first cam profile (70) formed on its cylindrical 
peripheral surface and a second cam profile 
(80) formed on an end surface (43). 

9. The printer of any of claims 6 to 8 wherein 
said second cam means (40, 80) comprises at 
least two cam profile portions (83, 84), the 
second cam follower (61) selectively following 
one of said cam profile portions depending on 
the angle of the reciprocating movement of the 
motor, the cam profile portions being config- 
ured to provide different amounts of paper 
feed. 

10. The printer of any of the preceding claims 
wherein the motor is a stepper motor. 

11. The printer of claim 9 or 10 further including 
means for controlling the angle of the recipro- 
cating movement of the motor said means 
comprising 

detection means (32, 212) for detecting a 
reference position of the motor, 

counting means (201, 203) for counting the 
number of rotations or the number of rotation 
steps of the motor (210) starting at the refer- 
ence position, 

memory means (202, 203), 

comparing means (201) for comparing the 
count value of said counting means with values 
prestored in said memory means (202, 203) 
and indicating predetermined angles of rotation 
of the motor, and 

motor control means (201) responsive to 
said comparing means for reversing the motor 
(210). 
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ing the carriage along the platon (21) In response to 
a reciprocating action of said motor. The same mo- 
tor is used for driving a paper feed mechanism for 
feeding recording paper. The paper feed mechanism 
comprises a rotary member adapted to be rotated 
back and forth with a reciprocating action of said 
motor, transmission means for transmitting a rotation 
of said rotary member to a paper feed roller means 
(29, 90), a cam mechanism (40, 51, 70) also linked 
to said motor to be reciprocated in response to a 
reciprocating action of said motor and transmission 
control means (53) enabling or disabling said trans- 
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mechanism. 
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